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CONVERSION FACTORS

For the convenience of readers who prefer to use metric
(International System) units, conversion factors for the
inch-pound terms used in this report are listed below:

Multiplv inch- 3 i By To obtai tri i ¢

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

square mile (miz) 2.590 square kilometer (kmz)

inch (in.) 25.40 millimeter (mm)

cubic_foot per second 0.02832 cubig meter per second
(£t3/s) (m>/5)

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)

Temperature in degrees Fahrenheit (°F) can be converted to
degrees Celsius (°C) as follows:

°C = 0.556 (°F - 32)

iv



PRELIMINARY EVALUATION OF MAGNITUDE AND FREQUENCY OF FLOODS IN

SELECTED SMALL DRAINAGE BASINS IN OHIO

By James R. Kolva

ABSTRACT

A previous study of flood magnitudes and frequencies in Ohio
concluded that existing regionalized flood equations may not be
adequate for estimating peak flows in small basins that are heavi-
ly forested, surface mined, or located in northwestern Ohio.

In order to provide a large data base for improving estima-
tion of flood peaks in these basins, 30 crest-stage gages were
installed in 1977, in cooperation with the Ohio Department of
Transportation, to provide a l0-year record of flood data.

The study area consists of two distinct parts: Northwestern
Ohio, which contains 8 sites, and southern and eastern Ohio,
which contains 22 sites in small forested or surface-mined
drainage basins. Basin characteristics were determined for all
30 sites for 1978 conditions.

Annual peaks were recorded or estimated for all 30 sites for
water years 1978-82; an additional year of peak discharges was
available at four sites. The 2-year (Q,) and 5-year (Qg) flood
peaks were determined from these annual peaks. Q, and Qg values
also were calculated using published regionalized regression equa-
tions for Ohio. The ratios of the observed to predicted 2-year
(R2) and 5-year (R5) values were then calculated.

This study found that observed flood peaks are lower than
estimated peaks by a significant amount in surface-mined basins.
The average ratios of observed to predicted R, values are 0.51 for
basins with more than 40 percent surface-mined land, and 0.68 for
sites with any surface-mined land. The average Rg value is 0.55
for sites with more than 40 percent surface-mined land, and 0.61
for sites with any surface-mined land.

Estimated flood peaks from forested basins agree with the
observed values fairly well. R, values average 0.87 for sites
with 20 percent or more forested land, but no surface-mined land,
and values average 0.96. If all sites with more than 20 per-
cent Iorested land and some surface-mined land are considered, the
Ry values average 0.86, and the Rg values average 0.82.



Estimated flood peaks from the published equations are lower
than the observed flood peaks in the northwestern Ohio sites. The
Ry values average 1.89, and the Rg values average 2.56. Observed
peaks for both the 2-year and the 5-year floods are higher at all
eight sites.

Some preliminary regression analyses indicate that revised
equations for estimating flood magnitude and frequency can be
developed after a longer period of data collection than the 5-year
period used in this study.

INTRODUCT ION
Background

Flood magnitude and frequency data for streams are used in
the design of dams, bridges, levees, and other structures. Flood
data are also used in flood-insurance studies, land zoning, and
regulatory activities. Flood data from small basins are helpful
in the design of culverts and small flood-control structures and
for studies to determine the effect of land use on flood peaks.

Four Ohio flood-frequency reports have been prepared by the
U.S. Geological Survey. Three of these (Cross, 1946; Cross and
Webber, 1959; and Cross and Mayo, 1969) were prepared in coopera-
tion with the Ohio Department of Natural Resources, Division of
Water. The fourth (Webber and Bartlett, 1977) was prepared in
cooperation with the Ohio Department of Transportation and the
Federal Highway Administration, and was published by the Ohio
Department of Natural Resources, Division of Water, as their
Bulletin 45; it is referred to hereafter in this report simply
as "Bulletin 45".

Webber and Bartlett (1977) determined that further investi-
gations of flood magnitude and frequency were needed in four
specific areas. These areas include the northwestern corner of
Ohio and urban, forested, and surface-mined areas. This study is
designed to provide data for all but the urban basins.

An investigation in cooperation with the Ohio Department of
Transportation that began in 1978 is intended to provide a l0-year
record of flood data from 30 small basins located in forested and
(or) surface-mined areas and in the northwestern corner of Ohio.
Reconnaissance and installation of 30 crest-stage gages was com-
pleted by October 1977. Data collection began in the 1978 water
year and will continue through the 1987 water year.



Purpose and Scope

The purpose of this report is (1) to present the data that
have been collected in the first 5 years of the study (1978-82),
(2) to compare observed flood peaks to those estimated from pub-
lished equations, and (3) to determine the feasibility of develop-
ing new equations to estimate magnitude and frequency of flood
peaks at ungaged sites on unregulated streams in northwestern Ohio
and in forested and surface-mined areas.

This is a preliminary report. The data presented are incom-
plete and all interpretations are preliminary. Final conclusions
will not be possible until the project is completed.

L N £ ] Sit studied

The study area is in two distinct parts. Eight basins are
located in the western end of the Maumee River basin in north-
western Ohio (fig. 1l). Another 22 basins are located in southern
and eastern Ohio in forested and (or) surface-mined areas. Nine
basins are more than 20 percent forested and have no surface
mining. Thirteen basins have some surface-mined land, seven of
which are more than 40 percent surface mined. One basin is less
than 20 percent forested and also less than 40 percent surface
mined. Five basins are more than 20 percent forested but also
contain some surface-mined land. For this preliminary report,
the 20-percent forested value was chosen to group those basins in
which forest is the primary land use. The 40-percent value for
surface-mined land was chosen to attempt to isolate those basins
in which the primary land use is surface mining. The category of
each station is shown in figure 1.

The topography of the two parts is very different. The
northwestern sites are located in a flat, glaciated, old-lake-bed
region. The southern and eastern sites are located in an ungla-
ciated, hilly region.

The climate of both parts is humid continental and temper-
ate. Annual precipitation ranges from 32 to 44 inches. The
northwestern part tends to have lower average annual precipi-
tation, generally in the range of 32 to 36 inches, whereas the
southern and eastern part generally has average annual precipi-
tation in the 39- to 43-inch range (Ohio Department of Natural
Resources, Division of Water, 1982).

BASIN CHARACTERISTICS

Basin characteristics for all sites were computed for 1978
conditions. Aerial photographs also were obtained to document
1978 surface-mining and forest conditions.
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The 30 study sites are located in small basins ranging from
0.04 to 10.9 square miles; 26 of the basins range from 0.3 to
2.0 square miles. The ranges of drainage areas are about the
same for the northwestern part and the southern and eastern
part.

Other basin characteristics computed are main-channel slope,
stream length, mean basin elevation, average of channel elevations
(computed by averaging the elevations at the 10- and 85-percent
distance points along the channel), percent surface storage, per-
cent forested area, percent surface-mined area, mean annual pre-
cipitation, precipitation intensity (24-hour rainfall expected on
the average of every 2 years), and mean minimum January tem-
perature (Dempster, 1982). These characteristics are listed in
table 1. All basin characteristics except climatic values were
determined from U.S. Geological Survey topographic maps.

The main-channel slopes of the drainage basins are consid-
erably different between the northwestern sites (where the slope
ranges between 8.4 and 30.8 feet per mile) and the southern and
eastern sites (where the slope ranges from 37.9 to 500 feet per
mile). This is due to the flatter topography in northwestern
Ohio.

Stream lengths range from 0.27 to 5.98 miles; ranges are
similar for both the northwestern and southern and eastern sites.
Mean basin elevation ranges from 1,250 to 735 feet above sea level
in the southern and eastern sites and from 850 to 710 feet above
sea level in the northwest. Similarly, the average of channel
elevations ranges from 1,240 to 650 feet above sea level in the
south and east and from 835 to 700 feet in the northwest.

The percentage of surface storage ranges from 0 to 2.5 per-
cent. Values are similar for both the northwestern and the south-
ern and eastern sites.

The percentage of forested area ranges from 1.5 to 84.9 per-
cent in the southern and eastern sites, but ranges only from 2.4
to 11 percent in the northwest. The northwestern sites are in
agricultural areas, thus, they have less forested land. Four-
teen basins are more than 20 percent forested.

The percentage of surface-mined area ranges from 0 to
8l1.7 percent. The northwestern sites have no surface mining.
Thirteen sites in the southern and eastern part have some surface
mining in the basin. The sites with some mining range from 2.3 to
8l.7 percent mined.

The precipitation intensity (I,, 5) ranges from 2.4 to
2.9 inches and is similar for both paf%s of the study area

(U.S. Department of Commerce, 1961). The mean minimum January
temperatures range from 20.5 to 28.0°F at the southern and eastern
sites and from 19.0 to 21.0°F at the northwestern sites (Pierce,
1959).
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OBSERVED ANNUAL FLOOD PEAKS

Annual peaks have been recorded or estimated for all 30 sta-
tions for the water years 1978-82 at each station. An additional
year of peak discharges is available for four stations. These
annual peak discharges are presented in table 2. Gage heights of
peak flow have been measured on crest-stage indicators and applied
to rating curves to determine discharges. Theoretical culvert
ratings were used at 27 of the sites, some of which were checked
by current-meter and (or) indirect discharge measurements. Three
of these sites are at bridges where theoretical ratings were not
practical; the ratings at these sites were developed from current-
meter and indirect discharge measurements.

COMPARISON OF OBSERVED FLOOD PEAKS WITH FLOOD PEAKS PREDICTED BY
PUBLISHED REGRESSION EQUATIONS

Method of E ion Analvsi

Preliminary data analyses were made to compare observed
flood peaks to peaks determined from equations published in
Bulletin 45 (Webber and Bartlett, 1977). A preliminary regres-
sion analysis also was done. The five or six flood peaks avail-
able at each site were plotted on standard log-probability paper.
Recurrence intervals were calculated from the formula:

T=(n+ 1)/m

recurrence interval, in years;

number of years of record;

order number of the peaks; and
beginning with the largest
peak as number 1.

where

T
n
m

A straight line visually fit to the data was drawn and the
2-year and 5-year flood peaks were determined from this line.
Estimated peaks were determined from basin characteristics and
the equations for the appropriate geographical areas found in
Bulletin 45 (Webber and Bartlett, 1977). The ratios of the
observed versus the predicted 2-year and 5-year flood peaks
(R, and Rg) were then calculated. The results of these calcu-
lations are presented in table 3.
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Several relationships are evident in the Ry and values
for surface-mined sites. Thirteen sites have some surface-mined
land in their drainage basins. The Ry values for these sites
range from 0.25 to 1.20 and average 0.68. Only three sites have
Ry values above 1.00 (fig. 2). The values for the same sites
range from 0.26 to 1.22 and average 0.61. Only one site has an
Rg value above 1.00 (fig. 3).

The ratios are even lower when only the seven sites that are
more than 40 percent surface mined are considered. The Ry values
range from 0.27 to 0.70 and average 0.51. The Rr values range
from 0.44 to 0.81 and average 0.55. This indicates that observed
flood peaks are lower by a significant amount in surface-mined
areas compared to unmined areas from which published flood equa-
tions have been developed.

A time-bias analysis supports the premise that the reduced
flood peaks at surface-mined sites are not due to climatic condi-
tions. Ten long—~term gage sites in southern and eastern Ohio were
analyzed as if they were crest-stage gages; annual peaks for
1977-82 were plotted on log probability paper and a 2-year and
5-year flood peak was determined for each station. The prediction
equations were then used to determine a 2-year and 5-year flood
peak from basin characteristics. The R, values average 1.0l and
range from 0.47 to 1.44 (fig. 4). The Rt values average 1.14
and range from 0.58 to 2.39 (fig. 5). omparing the observed
values with published flood-frequency values from Bulletin 45,
similar results were obtained. The Ry values range from 0.65
to 1.20 and average 0.90. The Rg values range from 0.68 to 1.82
and average 1.0l. Because these values scatter fairly regularly
around an equality line, no time bias is indicated for surface-
mined sites.

Rainfall in southern and eastern Ohio during the study
period was significantly above normal. In the years 1977-81,
rainfall was above normal every year at New Philadelphia and
Senecaville Lake, and above normal three of the five years at
Carpenter (fig. 1). The averages for these five years were
15 percent, 17 percent, and 3 percent above normal, respec-
tively (U.S. Department of Commerce, 1977-8l1). Therefore, the
reduced flood peaks at surface-mined sites probably are not due
to rainfall conditions.

Forested Sites

The existing equations estimate the flood peaks for forested
sites fairly well. Nine sites have more than 20 percent forested
land and no surface-mined land in their drainage basins. The Ry
values range from 0.45 to 1.31 and average 0.87; three sites have
R, values over 1.00 (fig. 6). The Rr values range from 0.38 to
1.53 and average 0.96; three sites have Rg values over 1.00
(fFig. 7).
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Figure 2.--Observed versus predicted Q, for surface-mined sites.
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Figure 3.--Observed versus predicted Qg for surface-mined sites.
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Figure 4.--Observed (1977-82 water years) versus predicted Q; for southeastern
Ohio long-term stations.
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Figure 5.--Observed (1977-82 water years) versus predicted Qg for southeastern
Ohio long-term stations.
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Five additional sites also were considered, each of which
has more than 20 percent forest cover but also has some surface-
mined land. When these are combined with the other forested
sites, the R, values range from 0.25 to 1.31 and average 0.86;
five sites have Rp; values over 1.00. The Rg values range from
0.26 to 1.53 and average 0.82; three sites have Rg values over
1.00.

The variations of Ry, and Rg averages indicate that the
equations developed by Webber and Bartlett (1977) predict flood
peaks from forested areas fairly well. The amount of forest ina
basin does not seem to have much effect on flood peaks. The pre-
cipitation information and the bias analysis mentioned earlier are
applicable to the forested sites as well. The flood peaks do not
appear to be affected by the average rainfall over the study
period.

Nort] : ohio Sit

Published equations underestimate flood peaks for the eight
northwestern sites. The Rp; values range from 1.32 to 3.00 and
average 1.89 (fig. 8). The Rg values range from 1.46 to 3.85
and average 2.56 (fig. 9). This shows that observed flood peaks
have been higher than those predicted by equations published in
Bulletin 45.

A time-bias analysis was performed by taking the annual flood
peaks from six long-term gaging stations in the area and treat-
ing these data in the same manner as the crest-stage data were
treated. Ry values from this analysis range from 0.80 to 1.99
and average 1.45 (fig. 10). Rr values range from 1.07 to 2.62
and average 1.80 (fig. 11). This indicates that observed flood
peaks in northwestern Ohio are significantly higher than results
obtained from equations published in Bulletin 45.

Observed values from the study period, 1977-82, also were
compared with the long-term flood-peak values (obtained from
log-Pearson Type III analyses) published in Bulletin 45. These
comparisons indicate that the observed values during the 1977-82
period are slightly higher than the long-term values. R, values
range from 1.00 to 1.45 and average 1.25 (fig. 12). Rg values
range from 1.22 to 1.85 and average 1.48 (fig. 13). 1 of these
values are lower than the averages found for the eight northwes-
tern crest-stage sites; however, it appears that the study period
did have higher than normal flood peaks. The average rainfall at
Montpelier and Defiance (fig. 1) was 12 percent and 10 percent
above normal, respectively, for the years 1977-8l. At St. Marys,
which is at the southern edge of the northwestern study area
(fig. 1), the rainfall for 1977-81 was 6 percent below normal.
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Figure 9.--Observed versus predicted Qg for northwestern Ohio sites.
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DEVELOPMENT OF NEW REGRESSION EQUATIONS FOR PREDICTING FLOOD PEAKS

Peak discharges for the 2-year (Qy) and 5-year (Qs) recur-
rence intervals were used as dependent varlables in a step-forward
multiple regression analysis. The 30 sites were divided into
4 groups. The first group consisted of sites where more than
40 percent of the basin is surface mined. The second group was
made up of sites where any part of the basin is surface mined.

The third group was composed of sites where more than 20 percent
of the basin is forested. The fourth group was the eight north-
western sites. The independent variables were derived from
WATSTORE basin characteristics (Dempster, 1982) as follows:

-- Drainage area, in square miles.

-— Main channel slope, in feet per mile.

-- Stream length, in miles.

-- Average of channel elevations, in feet above sea level
(elev. 10-85), divided by 1,000.

-- Surface storage area, in percent, plus 1.0 percent.

-- Forested area, in percent, plus 1.0 percent.

-—- Mean annual precipitation, in inches minus 27 (corrected
for mean annual evapotranspiration).

-- Precipitation intensity (I,, 5), 24-hour rainfall expected
on the average once each"2'years, in inches.

-- Mean minimum January temperature, in degrees Fahrenheit.

-- Surface-mined area, in percent, plus 1.0.

The preliminary regression analyses seem to indicate that
new equations can be developed to estimate flood peaks for
surface-mined and small northwestern Ohio basins after a longer
period of data collection. The preliminary regression equations
have standard errors equal or smaller than the equations published
in Webber and Bartlett (1977). The preliminary regression equa-
tion developed for forested basins may or may not have smaller
standard errors than the existing published equations. The new
regression equations will not be finalized or published until the
project is completed.

All of the regression analyses are based on dependent vari-
ables defined with only 5 or 6 years of data. When data collec-
tion for the project is completed, each frequency analysis (used
to define dependent variables) will be based on 10 or 11 years of
data. The resulting dependent variables should be more reliable
than those used in this preliminary regression analysis.

FUTURE STUDIES

Annual peak discharges will be collected for an additional
5 years at all 30 sites. Basin characteristics will be reexam-
ined to determine any changes that might have occurred during
the study. The regression analysis will be conducted again and
final equations for estimating flood magnitude and frequency will
be developed.
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CONCLUSIONS

Annual peak discharges have been documented at all 30 sites
for the 1978-82 water years and for an additional year at 4 other
sites. Basin characteristics for all sites were computed for 1978
conditions. Aerial photographs also were obtained to document
these 1978 surface-mining and forested conditions.

Preliminary data analyses indicate that the existing flood-
discharge equations may need modification in areas of surface min-
ing and in small drainage basins in northwestern Ohio. Existing
equations overestimate flood peaks in surface-mined areas when
compared with the observed values from sites in these areas. The
existing equations underestimate flood peaks at sites in northwes-
tern Ohio when compared with the observed values. This may be
partially due to a higher-than-normal amount of rainfall during
the study period. Existing equations estimate flood peaks from
forested basins with no surface mining fairly well.

Preliminary regression analyses indicate that flood-peak
equations can be developed for surface-mined areas and for small
drainage basins in northwestern Ohio. These equations will not be
finalized until the project is completed. Until that time, the
equations from Bulletin 45 should be used with caution.
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